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{ABSTRACT eae 

a dasaere College, Texas, ‘study aet eraticd the 

unites and qualitative needs for developing skilled sanpovwer 

for the “solar industry and secondarily identified the (present) solar 

industry sanpower populations and tasks perforred by solar technical 

and skilled workers. Results from three initial working groups ‘i 

_ addressing equipment, market. penetration, and skills anal ysis were. 

_ combined by a fourth manpower-asgessnent group to (1) forecast. 

solar-trained manpower needs and. {2) determine the training required. 

| to produce manpower capable of performing the identified tasks. Based. * 

on data from available aarket studies, the demand for trained workers 

to design, install, and maintain sclar. systens will be substantial 

‘and will develop. concurrently with the demand for solar equipment. 

- According to splar market projections, 2.4 sillion solar units will. 

be installed by 1985. By that time there must be 25,000 skilled . 
workers in the solar field, one-fifth trained at the technician, 

devel, Solar technician training should be equivalert in length ind 

extent to that for heating, ventilating, and air conditioning | 

techniclans--approximately a two~year program. Solar mechanics _ 

‘training can continue to be provided by solar industry. To meet the 

demand, approximately eight schocls, each graduating fifty solar ° - 

_, technicians a year, are needed. (Tables and eaguEes are ceca 
(LB) . 
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In order for-the solar industry to be successful in stimulating commercial use + 3 
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of solar energy, tit must provide for the development of manpower resourced with 
the knowledge and-skills to install and maintain solar systems. The signifi- 
cance of the demand for solar equipment and solar workers must _be- known before 
plans can be made to’ develop a curriculum to train these workers. The first = 


objective of this paper is to present thé)‘national need for manpower trained 
in solar energy technology and report it by state. 


The second objective is 


to identify the solar industry manpower populations and to identify the tasks 


“that should be performed by solar technical and skilled-workers. An analysis 


of this information will provide the manpower population determination and 
should aid in solar manpower curricuj.um design. 


DESCRIPTION. OF THE PROJECT 


? 


In nee for the solar industry to be successful. in stimulating commercial use ~ 
of solar energy, it must provide for the development of manpower resources with . 
the knowledge and skills to install and maintain solar systems. The signifi- * 


cance of “the demand ‘for solar equipment and solar workers must be known before 


plans can be made to develop a curriculum to train these workers. TRere. should : 
be a well founded, expectation that there will exist a clear demand, for tte 
training, and employment opportunities for the graduates of the training program. 
Heretofore, there have been insufficient data available regarding the number of 
solar energy workers that could be employed in this-new and emerging field. This 
papet, reports the findings of a study. performed by Navarro College for the Depart~_ 


power in the selar: energy industry. 


_ment of Energy to’ ‘deterhine the quantitative and qualitative questions for man- 
THe objective of this project has been to 
determine the natjonal need in the United States for ‘manpower trained in solar 
energy technology and report it-by state. 


This project forecasts future manpower 


requirements for ¢he solar industry by determining. both the quantitative and 


qualitative needs for developing solar skilled manpower. 
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_ Secondary objectives havé included the identification of the solar industry man- 

Power populations and the identification of tasks that shouldbe performed by . 
‘solar technical and skilled workers. An analysis of this information has pro- | 

vided the manpower population determination and should aid in Bolar manpower 

curriculum design. . ; foe 2 . an xe 


The project’ contract had three basic tasks:., 


Task 1. Conduct a survey of. solar. heating and cooling systems 
: ~ equipmént using ERDA, NASA, and private industry resources. . 
_ 5 : ‘ 


Task 2. Review existing consumer demand studies to forecast man~ 


_., power requireménts. i 
Task 3. Conduct a skills study to determine the types of curriculum 
required to produce the trained manpower identified in Task 
2 above. . . a 


» The final solar manpower assessment was formulated from the results of these three , 
tasks. - oe ee ; , “= ; . 
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Three separate working groups were formed to address these tasks: an equipment 8 ee 
group, a market penetration group, and a skills analysis group. A fourth group, 
the manpower assessment group, combined the results from the three initial work- 
ing groups to meet the overall praject objectives, namely, = . 


- 


~To produce a forecast fr solar-trained manpower needs. ; 


, ; a 
-To determine the types of training required to producé manpower . 
capable of performing the tasks identified in the task/dnalysis: : 


* e . ‘ « 7 ap. eu 
- Projections of Expected Demand for. Solar Systems 


ee’ : i te 
-* Tt was the basic assumption of this project that the demand for solar manpower w./ . 
“ ds a direct function of the demand féeetar equipment. The forecast of demand*:.. 
for solar equipment is based On-éxisting studies. r ‘ 


‘Selection of Data Base = 


‘ . ‘ . 
“ 


au favailable market studies were reviewed and analyzed; howeyer, only 1974 or 
later studies were sufficiently current to be considered for seiection. The 
. objective of this process was‘ to obtain the best estimates of the number of Ac 
solar units to be installed nationally, regionally, and state-by-state. The ° ‘ 
_ methodology and assumptions used in each stady were analyzed to select the 
most reasonable approach to the problem A decision was made to usé three 
. different studies asthe basis of foreéasts for the numberof instailations in 
- this country. a fede 2 
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‘These studies were as fellows: 


‘ 


se The University of New Mexico Study _ * | 2s 


Title: The Economics of Solar Home Heat ing 


ee ee ee ree 


Dates July 1976 a 8 es 
2. The MITRE Corporation (MITRE) ‘Study: _ | 2 


Title: aie feonante Analysis of Solar Water and Space Heating 
Date: July 19770 e 


‘. oo 
3. The Solar Energy Endust ates: Assoctatton, (SELA) Study: 


“s ‘Title: Solar Market Capture and and Market Penetration on 
i By -Sh Sheldon Butt . ee oe a. _ tae 


‘ . Date: October 1976 om _a2 e 
The rationale for eetechied of the shave studies is of ssou: 


The SEIA study a the industry's s own estimate, of tee market penetration. As such, 
it represents the views of those who must directly gain or lose sepeneing on the 
accuracy of their perception. ' 4 @ 


. 


‘ os : 


The MITRE suds is the product of ene most intense effort by DOE to date to arrive 


. at feasibility and market penetration estimates. , MITRE estimates are being ‘used 


| Thé University of New Mexico study (UNM Seay) forgeasts the euouaute féasibility ~ 


extensively by DOE in many other analyses.  § 


of solar energy state~by-state, by year, and -by application. Due to exogenqus 
variables, such as orientation and structuye, freedom from obstacles, and age 
of the structure, economic feasibility is not readily translated to market Os 
penetration. It was necessary, for this project, to carry out an assessment 

of market penetration, a the. economic feasibility as determined 

by the 7 study. 


Figure 1 illustrates the major differtnces among. the three’ studies selected | . a" 


land highlights the major assumptions each study employed. The studies produced 


several scenarios, each with its own assumptions.. The UNM study, for example, 
had scenarios for two different interest rages and three different estimates 
of solar equipment costs. The most reasonable scenarios, in our opinion, 


‘were selected for presentation in the table. It should not be concluded that 
the three forecasts would be the same even if each of the three studies were, 


o. 
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based on the same set of assumptions. Different methodologies and, more {mpor— 
tantly, different: investment Chabert sey cause ptgaetcenthy dieferent conclusions. 
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The UNM, SEIA, and MITRE studies provided regionalized results. MITRE used’ 
 elimatological data. from sixtéen different cities that represent sixteen ¥ 
different zones. SEIA similarly selected several regions for analysts and — 
drew. conclusions for the entire country. The UNM study provided analysis 
by state and by year. Since housing data are readily available by state, 
it was possible to make manpower forecasts, by stdte, for this project . 
-. based onthe UNM study. : 
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Market Penetration 
The fraction of the total housing market expected to have solar systems 
installed, when it is economically feasible to-do so, is called the market 
penetration. The yearly market penetration for hot water and- hot water/space 
heating systems for both retrofit and new installations .are given in Figure . 
2. The assumptions and reasoning used to arrive at these ratios are also 
given.. : = . 

i : 8, , J vt 
The projected demand for solar equipment is substantial, based on three major 
market studies -~ one produced by the MITRE’ Corporation, another. by. the 
Universigy of New Mexico (UNM), and a third by the Solar Energy Industries | 
Association’ (SEIA). All three studies agree that by 1085 there will be at. 
least 2.4 million solar hot water/space heating units installed in the re- 
sidential sector of the United States. Figure 3 compares the projections 


of solar installations by the three studies. - ~ 
on . ’ e 


Manhour Requirements for Solar Energy Systems od 


The determination of manhour requirements per solar system is a key to esti- 
mating the future manpower demandefor the solar industry. Information ob- 
tained by the equipment group indicates that’ the manhour requirements occun 
in four phases: design time, installation time, maintenance time, and re- 

‘ apair time. These four different times can be determined separately since 
‘each is independent. The sum of these four times is the manhour requirement 
per system. : 

Time Definitions 

Design time consists primarily of calculating heating load requirements, 
energy gain from’ insolation, choosing collector types. and other factors 
concerning system design. The first solar system designya person performs 

‘will generally tuke longer than gubsequent designs due to lack of experience. \ 
Furthermore, the design time requirement can be reduced by formulating 

tables of data used extensively in calculations. 

' Installation Time 0 . . 

Os ae : 
Installation time is mainly hands-on time and requires knowledge of ski¥ls 
from various trades. This time. depends greatly on«the size of the system 
being installed, which includes the collector size, storage tank |size, and 
other pertineny factors. Studies of solar energy demonstration projects ~ 
and private installations: indicate that the greatest varying factor in | 
~ installation time is the total collector area, hile the time for installing 
auxiliary components remains fairly constant. a 
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Maintenance Time : 


Maintenance time depends more on the system. complexity ( whether a hot water 


. only system or space heating and hot water combined system) than the system 


a 


‘size. 
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Repair Time a ‘ : . : 


he 


The repair time depends on the type of problem ehcountered, which is totally 
, unpredgctable and uncontrollable, and cherefore Kou only be estimated. 


\ 


-Factors Used for Time Determinations 7 
To. ensure proper determination of the times for each phase, re basic infor- 
mation. used was as follows: ° ° 


1. The solar energy system defined as the most “typical" system 
' uses flat-plate collectors. 
“ee The typical solar hot water system has 50 square feet of collec- 
tor area, while the typical combined space heating and hot water 
system has nearly 300 square feet’ of collector area. “6 


3. The optimum collector size for each State is determined from the 
average daily insolation, weather data, and other collector .. 
. characteristics for 75% of the heating load requirements of an 
average single family housing unit. 


: } ‘ \ ‘ 
~“Installétion manuals and operational procedures from various manufacturers 


_ ‘providing detailed/study of design procedures combined with the above informa- 

_tion showed that the design time for each generic type of solar system should 
be relatively constant.- The installation time should be a direct function of. 
total collector area’since there is little time variation in the installation 
of auxiliary components. Thus, it is necessary to determine how the installa- ~ 
tion time varies with total collector area. The maintenance time, similar to 
design time, is relatively constant because it is related to system type .° 
rather than total collector area or other factors. _ Since it is impossible | 
to relate repair time with any predictable factor, it is plausible to. assume 
no time for repair and to remain conservative in the estimation of manpower” 
requirement per solar system. Thus, the efforts in this project were directed 
toward determining design, installation, and maintenance time. 
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Contractor Survey 


A nattonwide survey of solar contractors was made with better than 30% response. 
After preparing the data base, a statistical analysis was performed. There 


were some interesting results. The design time is constant for small variations . 


in ‘total collector area. For a typical domestic hot water system, the design 
timesis between 15 and 18 hours. The design time for space heating systems 
varies greatly because all generic types were combined. (The installation 
time was found to be a direct function of. total collectors area.) For a typical’ 
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/ domestic het’ water eyaten aie : Gnadaliveiod cine is approximately 64 hours,,.  « 


é 


° solar contractor. « & 2S 


‘while for a space heating gystem it is between 120 and 183 hours. -The mainte- 
‘nan tinia, proved to be relatively constant for space heating. systems while-,. 


it varied somewhat for hot water, systems, This is due*to the variability in ~~ 


the maintenance data because no Significant maintcnance records. have been 
" kept to data, ‘* : — - + 


« 
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It is ‘important to note that the results obtained - ‘include the effect of a 
overhead time, learning curve (exp*rienced vs. non~experiencéd), generic 
“type distinctions,: and climatological effects. It was not possible to 
Carty out Stabset teat analysis }y region because of a small- Eampie size...) 
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Manufacturers and distributors were he rubeved for design, dristallation, and '- 


maintenance time. It is interesting to note ,that manhour values for‘ the three . 
phases are consistently lower than the values derived by statistical analysis. - 
The design time for domestit hot water systems is’ nearly two hours-while the 
design time for Space heating systems is 9 to 50 hours. This is substantially. 
lower because a harge part of design time may be. absorbed by a manufacturer! Sj 
design experts. and. computers, or distributors may handle the design for the 
brand of produSt they. stock. Instal¥ation time ranges from 6d to 100 manhours 
for space heating systems. This broad range is expected because of the vamious \ 
types of solar equipment produced by manufacturers. The installation time for- 
domestic hot water systems is’from 16‘to 24ymanhours. The maintenapce time 
is approximately 2 wanhours per year for a hot *water system and between -7 to 
10 manhours per year for A space heating system. This survey, has been Bute 
MeREY. in establishing that. there is a definite overhead time. ; ' — 
? = 
In dddit ion to these specific questions regarding esign, jinstallation, ; and 
maintenance time for solar systems, the ‘contractors were, asked for general 
comments Qn their need for solar- trained workers. These * comments were helpful 
An providing project personnel with an insight into the problems facing the, 
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Conmittee of Experienced Consultants _ “p.: * is” | ” ej 


Persons were contacted who had desteuat ee installed seoeeai systems and who , 
“are considered pioneers in the solar field. They were asked to rycen the ; 
time required in each. phase for the typical domest to hot water ayeten and. the 
typical hoe: water and space: heating combined’ system. ‘ 


The concensus wag that the installation time for a typical domestic hot water 
system is approx ately 50 manhours in retrofit constructtfon,. For a space 


heating and hot: water combined system, that time -is approximately 132 manhours. 


For new installations these times could possibly be reduced by half, Eepene sng. 


"on the efficiency of the installers, _ us ; ’, 
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. The design time is approximately 5-to 7. manhours for hot water and 20 to . -— 
' 30 manhours ‘for: space heating, if.a designer has an «adequate background and ~ 


' some experience in the field. The maintenance varies from system to systen, 


hours per year - 


‘or space heating. 


Comparing these values 


ith manufacturers '* 


but it is. approximately 2 manhours per year for hot tues Fi 10 to 15 man- 


values it’ seems ithat manufacturers’ 


suggested time 


account for overhead time and other factors. 


The var 


moa 


phases may not 


a an sign 


bility of the data 


. in the- statistical analysis may also be expleined in terms of differing 


"efficiencies of- solar aner ek 
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Using the: times Listed for each tail in be: Task taveatcey!. values for de- 


“installation time 


Obtained. The installation 


»} amd maintenance time for typical syst ems were 
times for typical domestic hot water and for - 


D - typical spave heating and ae (ee combined systems are 46 and 127*manhours, 


respectively.’ 


Th@ése time-vahues are in-agreement with values obtained by 


hot water and space heatingJan¢ hot water respectively, are also \n agree- * 
_whent with the results of che Statistical analysis. ‘The maintenande time in 
this case is. a little higher than that from the Statistical analysis because 
‘the task inventory listed {in detail all tasks required for mainteNance rather. 
than bl ele tasks that; one would Wormally. expect to encounter. : 
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Combining the results obthined in each of the methois,, the final values for 
manhour requirements for fa Eypscel solar system are shown in Figure 4. 


statistical analysis. The design times of 10 and 34 manhours so saree 


Combined Results 
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Calculation of. Manpower a tuirements for the Domestic Solar Ener 
— / ¢ 
“The conceptual formula used in this project for éstcenauine the y 
“-Fequir ements (not inerenental) is given as follows: ef 


i I xXx(T +T) #%&. X 
Yearly manpower = n d iy 
: _ a 1735 , 1735 
Where I. = Number of: installations in year ne Ny 
$ —_ a 
¢ th Hours required to;design tical system 


on oan a 


% #4 ee = Hours requirasito install typical, system * 
: iz ae L i 
t= toe nuHbee of solar Sys Cems installed tio data 


™ Average maintenance time per system per year. : 
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’ The figure 1735 represents the. er of house that the eypiedl tradesman 
works” per year according to ag Bureau of. Labor St akteranes 


Manpower Forecasts. Based on Three Market Studies . ooo as 


Based on the three installation projections, total manpower demands were cal- 
culated. These demands are plotted on a yearly basis in Figure 5. Calculations 
using data from the SEIA study give the highest figures showing 4 need for 7 
approximately 80,000 practicing solar workers in the field by 1985. Using ey 
.data from the University of New Mexico, nearly 40,000 people will be working 

in the solar field in 1985. The most conservative calculations, using data 

from the MITRE study, indicate 25,000 people will be working in the field 

in 1985. Thus, it cah be concluded from this project that, by 1985, at least 
25,000 people will be’ working in the field as technicians and mechanics for 
design, installation and maintenance of solar equipment in the. residential | 
sector of the United States. 


By 1990, this ee manpower demand increases to a minimum of 50,000 workers, 
using data from the MITRE and, University of New Mexico studies. According 
‘to the. SETA study, the manpower demand increases to 325 »990 people by 1990. 

| ~~ 

The manpower anion using the iiivdeater of New Mexico, study as a base =. 
shown in Figure 6\ for space heating and domestic hot water systems and in : 
Figure 7 for domestic hot water systems. . These forecasts are by state, by 
yeak, from 1978 to 1990. The incremental manpower demand is shown on the. 
boftom line. This number is the estimate of new workers required for the * | 
c pooreet ee year. : 7 
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SKILLS ANALYSIS | ; a ; a 
< *° a bf ; ‘ 

ey This project determined the expected digs ee to design, install, and “ 
maintain solar space heating and hot water’ systems.~ For this study, an 

was \found that the typical installation time for a domestic hot' water. re 

is iOvganiurs plus an additional 10 manhours required for design, and 2° 

manhouts per year for maintenance. The typical domestic space heating sys- 

tem requires 125 -manhour§ to install, 30 manhours to design, and 10 manhours Ea 

per year to maintain. ; ; _ = 

a So 
Using a task analysis approach all tasks eae’ for a typical solar system 
were listed and analyzed. 


Task Inventory 6. — . - 4 r 
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A task inventory was propane which tieved all’ the major duties. and associ- . 
ated tasks for the design, installation, and maintenance of a solar domestic 
hot water heating and cooling system. Three questions. were asked for each 
task statement on the Task Inventory: Form. 


4 


4. How many peaple* are required to hee out the task? 
“T. -2. How much‘ time is required to carry out the task? 


3, How difficdlt is it for a person to learn how to do the task? 
f - , 


esau, * -  ¢Go 


to ‘ : . 
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_ “Learning Difficulty" was dénoted on three levels — 1, 2, or 3,' depending * 

“on whether the task was 1 - easy to learn; 2 - moderately difficult to learn 
3 - difficult :to learh. * 
Task Analysis _ ; . a: eo ; >) 
: | _ ¥ are , . can 
The purpose of the Task Analysis was to provide a detailed listing of t . : 
steps. typically performed fo} the design, installat on, and maintenance. - y 
of a solar system, sq that a golar technology curriculum could be developed : ; _* 


should the need for such a curriculum be established. This analysis also © 
"listed tools and equipment,’ materials and component# required science and 


',mathematics and a performance objective for each of the duty Statements. “2 oe 
. 7 .. 2 ’ | ° 
‘Assignment ofeTasks to Trades’ ; ‘ \ 


« “S 
~ ie rae . 4 « . + 
Each task statement in the Tdsk Inventory was labeled and attributed to the 
tradesman who normally or traditionally might perform that task. This made | 
possible the formation of two matrices (Gigure 8 and Figure 9) which can be a 
used to compare the.learning difficulty levels with the type of tradesman — 
for solar design, “installation, and maintenance. - The times given apply to. 
a ‘system consisting of space heating plus domestic water heating. It isa 
"Typical" system utilizing 300 square feet of water collectors.- 
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Trade Matviete / 


Down the left.side of each matrix is listed the tradesperson who would be 
expected to do the type of work for each task. Across the top are the 
"Learning Difficulty" levels as given in column 3 of the Task Inventory. | 
Each "level" is further broken down into Design, Installation, and Mainte-— 
nance (denoted by Des., Ins., and Mtn..). In Figure 8, man-minutes are - 
listed for a flat plate, liquid system. These times were taken directly _ 
from the Task Inventory, and are. listed on the matrix according, to trades~ “s _ ¢f ; 
man and learning level (which fs further separated into design, installa- 

Z ‘tion, and maintenance). The, percentages, shown in parentheses’ in each square, 
were obtained by summing all the times (Des., Ins., and Mtn.) in the square 
and dividing by the total job time, shown in the bottom, right hand square. _ 

In Figure 9 the same data are shown for ‘a flat-plate, air system. rather ££ 
a than liquid. Note that for the liquid system, no sheet metal man is required; 
. however, a plumber is-still required for the air system because of the need - 

for domestic hot water. (The matrices do not include time for design or 

installation of the conventional auxiliary system; otherwise the HVAC and sheet 

metal personnel times would be increased significantly.) For either system, a 

_. . some interesting observations can be made. First, the "solar" skills are = . a 
needed aylittle more than 20% of the time. Second, the HVAC journeyman’skills . 
are needed 5% to 6% of the time, predominantly during the design o& the system ; 

.‘for calculations of the space heating and space cooling loads. Third, plumbing . ~ 
skills for,a liquid system are required- approximately 55% of the time, and . 4 

this same percentage applies to sheet metal skills for an air system... Last, 

_@lectrician skills are required about 4% to 5% of the time, carpentry about 
1z, and other (i.e., the homeowners , general acne commercial insulator etc. ds 
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skills are required about ,10% of the time. Of the total tine required, approx— 


imately 25% involves Level 1 tasks, 45% Level 2, and 30% Level 3. Also, of ~° . 4 

the total. time, approximately 20% involves design skills, 70% installation 

skills, and 10% maintenance skills. TE must be remembered that these figures Pa 
apply to a “typical” system of approximately 300 square feet of collector 
area, . P ‘ 2 

— . ; ¢ 

Conclusions Drawn From Matrices a , | og 


. An analysis of the tasks for design, ‘installation, and saintenance for a typ- 


re) 
-ERIC 


ical solar system reveals that the solar tasks accounted for approximately 

20% of the total task time. The remaining 80% of the tasks could be performed 

by solar-trdined conventional tradesmen... The heating, ventilating, and air 

conditioning (HVAC) journeyman skills are needed five to six percent of the 

time, and gre attributablé-mostly to design of the system, Plumbing skills 

for a liquid system are required approximately fifty-five percent of the time, 

and this same percentage applies to sheet metal skills for an air system. 

Lastly, electrician skills are required about four to five percent of the time, 

GaTpeneny about. one percent , and othr skills about two Percent. of the time. 
- aN 

Using degree of difficulty and background knowledge required as: the criterja, 

the solar tasks could be divided into two categories. Two types of solar. 

workers were defined from the two categories of solar tasks: the solar 

mechanic and the solar technician. . «© | : —— : 

The aiay mechanic is defined as a conventional tradesman with knowledge of 

solar systems. This person is. expected to eon entry level beens of in- 

stallation and routine maintenance. 

The solar basis to be performed by, the solar mechanic are to: . 


| 
e 


Mount each collector. SS ; tf 


eo normaY positions of motorized valves and (ampers. 


- Monitor flowrates and temperature differentials fo t test 
= | system operation. . ; 

‘ ‘ 7 . e . / ; % 
‘These solar mechanic tasks represent two pe¥cent of the total estan installa- es 
tion, and maintenance time for a typical solar energy eat - 

The solar technician has knowledge and skills specific tq solar system designe 
installation, and diagnostic troubleshooting. Specifically, his/her solar 
duties and tasks are to: ; 


- Caléulate hot water load. Ny 


. 


~ Choose collector type. — : f 


- Calculate s6iar gain on unit area basis. 
- Determine piascinats available collector area. | - \er 
| - Determine opeinun collector area. 
~ Design fluid flow Syseais: 


~ Check out the system powered components.”  e 8 


& 


-~ Calibrate and test solar temperature differential controls. 


_ 7 Test systen operat ional modes. ™ 
a > « . : ‘ t . aoe , 
, The educational background needed by the solar "mechanic" to enable him/her 
to learn the required solar tasks a follows: 
~- .1. (A high school education, 
2. Experience primarily in plumbing (for liquid systems) or in sheet 
metal (for air systems)... - a 
Therefore, the educational background for the solar "mechanic" is nearly — ‘ 
identical to that of “the practicing plumber or sheet’ metal tradesman. 
‘The educational preparation to enable the solar “technician’ to. perform the re- 
quired tasks ‘includes the following: : . : 
: be , 
Ls A high school education, © a 


. 6 7 
2... Basic. mathematicsy. 
3. Basic physics, 
4. Basic computer programming, | 7 


5. -Basic héat transfer theory, 


' 6. Basie fluid flow theory, 
ve Drafting/bluepr int reading ,~ 


8. Sun/earth relationships and other environmental problems, - 


¢ 


. 9. Basic engineering technology. 
t 3 . . 
The education necessary for a solar "technician" exceeds that of a typical trades- 
man, and is beyond the high school level. The convent ionally trained tradesman 
in plumbing, sheef metal, or heating, ventilating, and air cgedi¢ioning cannot. 
be easily upgraded to perform the tasks of the solar technician, which «amount 
to approximately 20% of the totaé re eae to produce a solar Bnerey system. 


“e 
. 


ro sae a se 
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. The technician’: 's | tasks pequice design skills and thus denand scientific: and 
i acs emacs ‘knowledge « - 


e eg eee 2 8 4 ms . = =. “4 


“‘$clax Technicfan Demand . hae 4° A= a 


4 . = . = 


ee Since’ 20% of the. pacts performed - on solar aystems are at the dechatcian level, 
the demand for solar. technicians- will comprise ‘approximately on-fifth, of the - nes 
® ‘total manpower requirement; ~ Thus’, the demand for-'sclar. technicians will‘be . 
at least 5000 in.1985, and’ nearly 10,000 in 1990, according to calculations: «.°-' 
- Based on ‘the MITRE report., Based on the University of- New Mexico amd the. . °°: 
e, SEIA studies, the demand is 8000 and 22,000 solar. technicians, ‘respectively, eae 
“in 1985, and grows to 12,000 and 64,000 in aii These” trends for solar. tech- 


nicgsns are i acts in Figure 10. . ‘ ne , oe A a 
. : : a ee 
“the regional manpower demand by state for Pee technicians based: on the. UNM. ae” 


| Study is shown in ‘Bigure li. ce . 
’ ) Pg a 

To’ ‘supply the veqnibed number of solar technicians ent mechanics ‘ae a Steady 
rate, a minimum of 4000 workers m&st be trained every-year to fulfill the. 
-inerement in demand until 19385. Of these 4000 workers, at Teast 800 must:-be™ 

’ trained at the solar technician level every year. In the years from 1985 to 
1990, the yearly rate of supply must be increased to nearly 6220 total workers - 
including at least 1200 solar technicians. 


CONCLUSIONS ae - ‘ an os 


2 A euberanttat demand for trained ‘skilled workers to jenton: install,. and main- 

» . tain solar systems will develop concurrently wigh the demand for solar: equip- 
ment. Aceording to the three solar market projections used, -there will be at. 
least 2.4 million solar units installed by 1985. Accggdingly, by “that year 
there must be a minimum of 25,000 skilled workers in Bes solar field. One- 
fifth of these workers must: be. trained at the ‘fechnse n level. i - 


“Solar eechaleian training will be equivalent in denath ata extent to that for 
+ HVAC technicians, approximately a two year program. There is no need for as 
- comprehensive or as lengthy a training for workers in the solar mechanic 
-« “class, Most. solar mechanic training is being done and will be done by the 

solar ‘industry manufacturers, distributors, and dealers, and through ‘short ~* 
courses and’ continuing education. . However, there is a need for an educational 
training program for solar mechanics if the’ individual does not have previous 
knowledge and training in HVAC’ and/or plumbing. 


__.  , To meet. the demand for solar workers, approximately 80 schools, each graduating’ 
. §0 solar technicians per year, will be needed between 1978 and’ 1985. “To fill 
the yearly demand for technicians between 1985 and 1990, 40 additional schools 
will be required. The regional development of these schools sponte follow 

the regional demand for installations. - 


* : : ‘é \ _™ . S 
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‘Regional feasibility of solar systems will determine regional manpower de~- 
‘mand. Solar space heating will become economically feasible among the ~ 
_, Canadian border states in the extreme northeast and north-central parts of 

the nation between 1978 and 1980. | Betweem 1980 and 1985, the middle belt 

", 0 «states will’ show increasing feasibility. expecta» far fewer space’ heating 
= systems are forecast for the southern sun belt staYes. Solar water heating 

withqut space heating. becomes feasible in a more scattered manner. ¢ The 
" - trend for implementation varies with insolation and electric rates since: hot 


water necds are more uniform thaw space heating needs, “yy St ey, 
: . - e ‘ ; “ , oe ; 7 {3 
_ RECOMMENDATIONS °° ~ 
, Recommend; “7 - 4 an 


. i. That the solar mechanic training programs now being undertaken 
by solar manufacturers, distributors, and some trade unions be continued. 
This training should also be conducted through short courses, continuing 
education programs, and certificate: programs. Oo . 


" : ad | a ad 
2. That the development of solar technician fraining programs begin 


immediately. ‘«  , a : ; © 4 
: 3. That the basic technician training program contain the flexibility. 
2 . to accommodate local/regional variations and future developments in the solar | 
Doe industry. a . | 
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Ww. $1i/ee?- Computer analysis of Fraction of Narket/Year - “ey i 
* a J : . ‘ a : ‘ ; / : m : ** ¢ 
UMIVERSITY OF + $300 lowest cost available HW. + SHMHOW) bresent programe #'*'* ; 

. iF { : ; w ‘ 
WEW MEXICO* 20 year’ life fuel per, M.8.7.U. by retro icy new é 
a a S.N. $9.50/t02" state (see table), “627 005 “220 x" 
“plus Naverro . rad a E 
College's axsumptions + $1,100 fixed costs Deregulation of (year) ; 

comparable cypical natural gas, : 
. Fe a 
Percent Conversion _ 
100% a | 
Assume price increase 50% a National Energy. . 
. Z Plea 
g BITRE ‘ MW, $20/fr . Real 4% of electricity at vl OF hae ; o- | 
6 (40% cax cradic' om Ise $1000. 
are é greater than inflation. 252 on next $6400, Declines 
ae ; 4 fo . to 25Z/$1000, 152/$6400,) 
8 cost conventional * s oon 
Gas supply will diminish. vrkat Sumary : ae cc a 
Prices will increase. HW. SoM, ssunes Natfoash | 
‘ ° . Ensrgy Plan 


Implied asguspeion ali wetro new =ooretro new! . = 
(402 cax areatt on das: $1000. 
Rew construction wil Be (1982 77.9% 12.62 3.22 9, 33 $2 om next $6400, Declines 
‘Ito ih a eas ge600 ) 
electric: 4.8 rant 1987 30. a 7.68% ls. 3% 21.1 
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Aancreasing 3% steater, 1992 10.4% 3.02 36.52 7.9% 
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CALCULATION OP) MARKET PENETRATION FACTORS: 


(a) Econ, Ratfonalicy ‘ 


~ Far N.W.; (new & Xetra}: Only 20% of People will not “want” ta apend the ¢ 
$1500, or are just. against the looks of thea. ; 


“: 


~ Fos S.W. & H.W: (new & retro}: one-half the People will refuse pac out 
(or borrow) the’ money siaply because of the large amount of dollars involved 
(approximacely $6000+) . ; a 
(>) Orfentation & Structure 
- Fos H.W.: Naif the houses bave ortantation problems; no real struct. probles. 
- For S.W. 6 HW: hy have orientation problem. 
~ Retro - Anocher 202 have structural or space problea. 


- Wew - 10% have space problem; no structural problems. 
r ; : 


(c) Age 
, - Metro only: With 20 year solar system life, and 30 year heues life, only 
2/3 of housing sctll has necessary life ieft.. 


o Weld, approximately 2/1 of all houses are free from tresa, buildings, hills, . 
ete. (S.1. Mas more of a problem because of more ares). 


(e) 10% Conversion (Retro only) : ‘ 


\ 


Approximately 10 yeare necasaary to convert availabie market, 
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SH/DHW INSTALLATIONS (IN THOUSANDS) 
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MANPOWER REQUIREMENTS 
_ FOR "TYPICAL" SOLAR SYSTEM 
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TOTAL MANPOWER DEMAND BY YEAR 
(COMPARISON OF THREE STUDIES) 
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DEMAND FOR SOLAR TECHNICIANS BY YEAR, 
COMPARISON OF THREE STUDIES . 


» * 
* 


: we 


ee 


100 


So 


mn. 
2 


i 
oO 


to 
=) 


toe 


' (spuesnoyy vz) suByOPUYyoaL 2B OS 10;-puewsg 


ae 


oe 


pads 1986 
YEAR oy 


2 


* 


34° 


a; 


+ “hee a 


“YIGURE 11 | 


DEMAND FOR SOLAR TECHNICIANS BY STATE 


1950 - 


igag 


: ae BASED ON THE UNIVERSITY QF NEW MEXICO STUDY © . 
1979 198 1982 1983) Ages 1985, 1986 1987 


1978 


1981 


Les 
114 
100 

1504 
188 
302 

59 
416 
216 
44s 


“ “~ 
bed 
ww 


I 
| 


alala}silelsiglelatete 


x 
r? 


259 


« 


_= 


We 


‘gletsal els 


z 
| 


s7 


sis 


Sd 


“ 


265 
175 


e{2{e(e (2 


% 


_ FIGURE 11_ (CONTINUED) 


SNR ete 7 
\ 


a 


_ $990 


4983 


1986 1987. 198B tag 


198s. 
‘79 


1982 1986 
| 


1980 


1978 1979 
aT a 


197? 


A174 


73 


70 


441 


4? 


4? 


7k 7% 
978 
225 234 
an aoe 
a 
a 


2]alelelealselals 


23 


22 


48 


46 


-* 


(<) 


E 


